Increased adhesion of Escherichia coli to mucosal cells from infants with protracted diarrhoea: a possible factor in the pathogenesis of bacterial overgrowth and diarrhoea D C A CANDY, TERESA S M LEUNG, W C MARSHALL, AND J T HARRIES* From The Institimte of Child Health and The Hospitalfor Sick Children, Great Ormond Street, London SUMMARY Mucosal adhesion of bacteria has been studied in eight infants with protracted diarrhoea and malnutrition, using a buccal epithelial cell technique. A known non-adhesive strain of Escherichia coli (Ol:Kl:H7) adhered to a significantly greater (p<O.OO1) proportion of buccal epithelial cells from patients with protracted diarrhoea, compared with children with acute diarrhoea, healthy infants, and healthy adults. Also, Enterobacteria isolated from the jejunum or stools of patients with protracted diarrhoea adhered to far greater numbers of their own buccal epithelial cells compared with healthy adults. These results suggest that bacterial adhesion may play an important role in the pathogenesis of protracted diarrhoea.
Diarrhoea is one of the leading causes of mortality and morbidity in young children throughout the world, particularly in the developing countries where the diarrhoea/malnutrition interaction is so common. '-6 Although the pathophysiological mechanisms operating in the genesis of the diarrhoea are poorly understood, bacterial overgrowth of the small intestine in such patients is common. 27 Adhesion of bacteria to the mucosal surface is probably an essential prerequisite to their proliferation within the small intestine and therefore to their capacity to induce disease.8
In this paper, we report our findings of studies of adhesion of a previously studied strain of E coli9 to buccal epithelial cells from infants with protracted diarrhoea and malnutrition. The the upper small intestinal juice of case 1, Proteus mirabilis and E cloacae from cases 2 and 3 respectively, and E coli serogroups 0111 a'nd 0119 cultured from the stools of cases 4, 6, 7, and 8 were studied (Table 2 ). E coli Ol:K1:H7 was studied with buccal epithelial cells from both the patients and the other three groups. The bacteria isolated from the patients with protracted diarrhoea were studied with buccal epithelial cells from the patients and from a healthy adult volunteer. ' We are grateful to the CIBA Foundation for permission to reproduce the genesis of the diarrhoea induced by this bacteria, but also the importance of host cells in adhesion. Similar conclusions can be drawn from two human studies. Kallenius and Winberg's showed that a known pyelonephritic strain of E coli adhered in greater numbers to periurethral cells from girls with recurrent, unexplained urinary tract infections; moreover, the cells had greater numbers of bacteria adhering to them in vivo compared with controls. Patients in intensive care units have also been studied using buccal epithelial cells and again patients with pharyngeal colonisation with gramnegative bacteria, particularly Proteus and Pseudomonas, had more gram-negative bacteria adhering to their buccal epithelial cells in vivo, and more Pseudomonas adhered to buccal epithelial cells from these patients in vitro, compared with patients who did not become colonised with gramnegative bacteria.'9 Our findings in infants with protracted diarrhoea are somewhat analogous to the above, in that a known non-adhesive strain of E coli adhered to significantly greater numbers of buccal epithelial cells from infants with protracted diarrhoea, compared with patients with acute diarrhoea, or healthy infants and adults. Moreover, Enterobacteria isolated from the patients with protracted diarrhoea were more likely to adhere to their own buccal epithelial cells than to buccal epithelial cells from healthy adults. If the adhesive properties of buccal epithelial cells are similar to those of the surface epithelial cells of the small intestine then our findings may explain in part why bacterial overgrowth of the small gut is such a common finding in infants with protracted diarrhoea. [2] [3] [4] [5] [6] [7] CFA/I and CFA/II have recently been identified on surface adhesive antigens in certain known human enteropathogenic strains of E coli, and this prompted us to test the organisms isolated from our patients for these antigens. Using a haemagglutination assay none of the organisms possessed these antigens, suggesting that adhesion was not mediated by CFA/I or CFA/II. Type I fimbriae have not yet been firmly implicated as mediators of adhesion in the pathogenesis of diarrhoea; it was therefore of some interest to find that E coli isolated from two patients possessed these fimbriae.
The nature of the increased 'cohesion' between buccal epithelial cells and E coli and the other Enterobacteriaceae in the infants with protracted diarrhoea has not been determined in the present study, but a number of variables such as age, nutritional status, and genetic predisposition should be considered. In this conext it is of interest to note that siblings of patients 1 and 2 were similarly affected."
It is tempting to speculate that malnutrition and/or genetic predisposition may influence the adhesive properties of mucosal cells, and explain why some children develop protracted diarrhoea after an acute enteric infection. 
